Sino-atrial conduction time (SACT) may be calculated from the difference between the length of the return cycle and the spontaneous cycle, using programmed premature atrial stimulation during spontaneous sinus rhythm. This approach to sinoatrial conduction assumes that sinus node automaticity is not changed by premature depolarization. In order to validate this assumption, we compared the length of the post-return cycles to the spontaneous cycle length in 71 patients. Patients were grouped according to clinical diagnosis and the value of calculated SACT.
AS SINUS NODE POTENTIALS cannot be recorded in man, the extrastimulus technique has been used to evaluate sino-atrial conduction time (SACT) in man.'-9 SACT is calculated from the difference between the return cycle length and the length of the spontaneous cycle preceding the stimulus, assuming that sinus node automaticity is not influenced by premature depolarization. However, studies in the isolated atrium have shown that a pacemaker shift within the sinus node may occur after premature depolarization leading to a prolongation of the following sinus nodal cycles.'0-13
In view of these findings it seems important to know whether a change of sinus node automaticity occurs in man, too. This would lead to falsely long values of calculated SACT. As changes of sinus node automaticity usually persisted for several cycles in the animal studies,'0-12 we compared the lengths of the post-return cycles to the spontaneous cycle lengths in 71 patients.
Methods
Patients were studied in the cardiac catheterization laboratory in the resting, postabsorptive, nonsedative state after written informed consent. Electrode catheters were positioned under fluoroscopic control. A quadripolar catheter was passed percutaneously via the right femoral vein into the high right atrium. The distal two electrodes were positioned near the junction of the superior vena cava and the right atrium and used for stimulation; the proximal pair of electrodes was used for recording a high right atrial electrogram. A second (tripolar or hexapolar) electrode catheter was inserted percutaneously into the right femoral vein just below the site of insertion of the atrial electrode catheter and advanced to the tricuspid orifice to record His bundle activity according to Scherlag et al. '4 The electrodes of both catheters were connected to a six channel direct-writing recorder (Siemens Cardirex) via a keyboard switchbox (Siemens-Elema) containing 50 Hz high-pass filters and current limiters to avoid damage to the myocardium. The suggests no or only an insignificant effect of premature depolarization on the sinus node. However, during test stimuli leading to reset of the sinus node, the post-return cycles were signficantly prolonged between 20 to 30 msec, on an average. The response of the individual cases sometmes varied to a great extent. In patients who demonstrated a progressive linear prolongation of the return cycles at decremental shortening of the test interval, there was no significant prolongation of the post-return cycles versus the spontaneous cycle length.
We conclude that 1) premature depolarization of the sinus node may have a depressant effect on sinus node automaticity, which, if present, is usually small; 2) calculation of SACT using the extrastimuus technique may overestimate true SACI. high right atrial electrogram, the His bundle electrogram and surface leads I, II and III were recorded at a paper speed of 50 or 100 mm/sec.
After control recordings over a ten minute period, single premature atrial stimuli with increasing prematurity were introduced via the distal pair of electrodes of the atrial catheter during spontaneous sinus rhythm after each sixth to eighth beat. The right atrial electrogram was used to trigger a programmable stimulator (modified Medtronic model 5837). The pulse width was 2 msec, and the amplitude was adjusted to twice diastolic threshold.
The following intervals were measured from the atrial electrogram:
A,-A, interval: the spontaneous cycle length immediatly preceding the stimulated atrial complex;
A,-A2 interval: the test cycle or the coupling interval between the last spontaneous beat of sinus origin (A1) and the stimulated atrial complex (A2); A2-A3 interval: the return cycle or the postextrasystolic pause;
A3-A4 interval: the first cycle following the return cycle or the post-return cycle.
The results were plotted in a coordinate system using normalized data with the relative prematurity of the test stimulus (A1-A2) on the abscissa and the relative length of the return cycle ( j 3 ) and of the post-return cycle A3 A4 on the ordinate.
SACT was calculated according to the following equation during reset responses:
For evaluation of the effect of premature stimulation on sinus node automaticity, the post-return cycles (A3-A,) were compared to the spontaneous cycle length (A1-A,). The data were sorted according to the prematurity of the test stimulus into three zones: I. A zone of non-reset of the sinus node pacemaker, characterized by compensatory return cycles; II. A zone of reset of the sinus node with return cycles less than compensatory yielding a plateau when plotting return cycle versus test cycle length. SACT was calculated during this plateau. In case the plateau zone continued until reaching atrial refractoriness, only responses occurring during the late 20% of this plateau zone were used; III. A zone of early responses. This zone contains a variety of responses of the return cycles (reset responses, echo responses, interpolation, and responses due to atrial vulnerability).10' 11, 13, [15] [16] [17] [18] [19] In this study, the data of the responses during this zone are not presented as they do not seem to be pertinent to the question of how far changes of sinus node automaticity after premature stimulation influence the calculation of SACT.
The average number of test cycles per patient within each zone was 12.9 in zone I and 18.4 in zone II.
In each patient the differences between the post-return cycles and the spontaneous cycle lengths were calculated for zone I and II separately. Student's t-test for paired or, if appropriate, for unpaired data was used for statistical evaluation.
Seventy-one patients were studied. None of them was on cardioactive medication at the time of the study. In 18 patients His bundle electrography was performed because of a history of dizziness or palpitations. As the electrophysiological studies and cardiac catheterization data revealed no abnormal findings, these subjects were taken as controls. The remaining 53 patients were referred to the catheterization labdratory because of different disturbances of impulse conduction and formation (table 1), including seven patients with sick sinus syndrome. Diagnosis of sick sinus syndrome was made due to history, resting ECG and 12-hour ambulatory monitoring. figure 1 the normalized return and post-return cycles were plotted versus the normalized test cycle length. During the zone of non-reset (zone I), the post-return cycles were not different from the spontaneous cycle length, whereas during the zone of reset (zone II), the post-return cycles were significantly prolonged compared to the spontaneous cycle length. In other patients the post-return cycles were identical to or differed only to a small degree from the spontaneous cycle length during both zone I and zone II, which is shown in figure 2 . In this case the post-return cycles were identical to the spontaneous cycle length up to a coupling interval of 0.55. At shorter coupling intervals (zone III) the return and post-return cycles decreased, the latter getting shorter than the spontaneous cycle length.
Within the three subgroups there was only a small prolongation of the post-return cycles compared to the spontaneous cycle length during the zone of non-reset (zone I).
Results
All 71 patients were separated into two main groups: 66 patients with both non-reset and reset responses (group I) and five patients who exhibited only non-reset responses independent of prematurity (group II).
Patients with Both Non-reset and Reset Responses (Group I)
This group contained 66 patients with a typical biphasic pattern of the return cycles with both non-reset and reset responses. They were further divided into three subgroups according to clinical data and the value of calculated SACT: Group I A: Normal subjects (N= 18). Group I B: Patients with different disturbances of impulse generation or conduction with normal calculated SACT (below 120 msec) (N= 36).
Group I C: Patients with different disturbances of impulse generation or conduction with calculated SACT above normal (N= 12). The detailed data including the clinical diagnosis, age, sex, spontaneous cycle length, calculated SACT and the differences between the length of the post-return cycle and the spontaneous cycle length (A3-A4 minus A,-A,) with mean values and standard deviation are given in table 1. Mean age in normal subjects (group IA) was 32.5 ± 10.7 years. Patients in group IB and IC were, on an average, pling interval is decreased below 0.75 of the spontaneous cycle length, the return cycles remain constant yielding a plateau (zone IH). Sino-atrial conduction time (SA CT) which was calculated during the last portion ofzone HI, was 95 msec. The post-return cycles were significantly prolonged during zone IL However, this prolongation was already apparent at a coupling interval of0.81 of the spontaneous cycle length which would indicate that sinus node activity was already affected at coupling intervals still leading to compensatory return cycles. A similar gap between the response of the return and the post-return cycles was only observed in two further patients. Assuming that the sinus node was already depolarized at the moment the post-return cycles were prolonged (i.e., at a coupling interval of0.81) SA CT would have been 69 msec. On the other hand, ifone assumes that the prolongation ofthe sinus nodal return cycle is at least as much as the one of the atrial postreturn cycle, one could correct SA CT by subtracting the post-return cycles (i.e., in this case 52 msec) thus yielding a corrected SA CT of 69 msec, also (i.e., 95 minus 52 * 0.5). During the zone of reset of the sinus node (zone II) which is used for calculation of SACT, the post-return cycles were significantly prolonged in all three subgroups. When comparing the three subgroups the prolongation of the postreturn cycles was not different amounting to 20.1 ± 15.8 msec in control subjects, 31.2 ± 43.1 msec in patients with calculated SACT below 120 msec (group IB), and 29.4 ± 30.1 msec in patients with calculated SACT above 120 msec (group IC).
In patients with calculated SACT below 120 msec (group IB) the prolongation of the post-return cycles versus the spontaneous cycle length showed a great variation with a range between -13 msec to + 189 msec. There was no correlation between the prolongation of the post-return cycles figure 1 . In this patient the post-return cycles were not prolonged during zone II. Decreasing the coupling interval below 0.55 led to a shortening of the return cycles which gradually approached the 1.0 level at the shortest coupling intervals. This finding might be an indication that sinus node cycle length during the return cycle was shortened, too. and the calculated SACT. Mean prolongation of the postreturn cycles of 25 patients of group IB with spontaneous cycle lengths below or equal to 1000 msec was 20.6 ± 32.7 msec (P < 0.0025), whereas it was 52.5 ± 58.1 msec in 11 patients with spontaneous cycle lengths above 1000 msec (P < 0.01). The difference between these two groups was also significant (P < 0.001). Both groups of patients did not differ significantly as to their calculated SACT (94.0 ± 17.9 msec and 73.4 ± 19.1 msec, respectively). Configuration and time course of the atrial electrograms during the A3 and A, response were identical to the spontaneous complexes in most patients. Only in five patients there was a different configuration of the atrial electrogram, the excitation sequence of the atrium still being from high to low.
Patients with Only Non-reset Responses (group II)
In five patients a gradual prolongation of the return cycles occurred with increasing prematurity of the test stimulus. The sum of the test interval and the return cycle length was twice the spontaneous cycle length suggesting non-reset of the sinus node pacemaker." 4, ", 20 These patients did not differ from the previous group of patients as to age or clinical diagnosis (table 1) . However, spontaneous cycle length in this group was much shorter than in group I patients (mean 619 ± 88 msec; P < 0.01). Figure 3 gives a representative example comparing the return cycles and the post-return cycles to the spontaneous cycle length. The return cycles increased linearly with shorter coupling intervals remaining compensatory. The post-return cycles remained constant even at short coupling intervals, and did not differ from the spontaneous cycle length.
The data of these five patients were arbitrarily sorted into three zones according to the prematurity of the test stimulus. The post-return cycles did not differ significantly from the spontaneous cycle length either in an individual patient or within the whole group. However, there were great variations among the individual patients (table 1) . 
Discussion
Since Strauss et al.1 2 proposed to calculate SACT from the lengths of the spontaneous cycle and of the return cycle after reset of the sinus node by a premature stimulus, this approach has been used by several authors.3' 4- 8 20 The mode of calculation of SACT assumes that the automaticity of the sinus node is not disturbed by premature depolarization. However, as the potentials of the sinus node cannot be accurately recorded in man, it seems difficult to validate this assumption. Studies in the isolated right atrium of the rabbit have demonstrated that a change of sinus node automaticity may occur after premature depolarization. [10] [11] [12] Concomitant with the change of sinus node automaticity there may be a pacemaker shift within the sinus node to more peripherally located sites which is similar to the effect of vagal stimulation."2 Changes of sinus node automaticity may persist for several cycles following premature stimulation.'0' 21 Thus, a prolongation of the post-return cycle compared to the spontaneous cycle length would indicate that a change of sinus node automaticity has occurred.
In the literature only few data exist on the effect of premature stimulation on the length of the post-return cycle in man. 1,9 21 In order to define the relationship between premature depolarization of the sinus node and changes of sinus node automaticity, we studied the effect of premature depolarization on the length of the post-return cycles in 71 cases. The patients were divided into three groups on the basis of their clinical diagnosis and the value of calculated SACT.
The results demonstrated a small prolongation of the post-return cycles compared to the spontaneous cycle lengths at long test intervals (zone I, non-reset). This prolongation was, on an average, between 6 and 8 msec, being significant only in patients with a calculated SACT below 120 msec (P < 0.01). At shorter test cycles (zone II), the return cycles remained constant in most cases (N = 66) yielding a plateau when plotting return cycle length versus spontaneous cycle length (figs. 1 and 2). During this zone we observed different responses of the post-return cycles. In many cases these were prolonged ( fig. 1 ), whereas in others essentially no difference between the length of the post-return cycles and the spontaneous cycles was observed ( fig. 2 ). When looking at the different groups of patients as a whole, there was a significant prolongation of the post-return cycles versus the spontaneous cycles varying between 20 to 31 msec on average. In the individual patient, however, the response of the postreturn cycles sometimes deviated considerably from the mean of the whole group (table 1) .
From these results we draw the following conclusions. At long coupling intervals premature atrial depolarization probably has no or, if present, a negligible effect on sinus node automaticity. This is consonant with the assumption that during this zone the impulses do not reach the sinus node.' During zone II, at which reset of the sinus node occurs,' premature depolarization may have a depressant effect on sinus node automaticity which is apparent from its effect on the length of the post-return cycle in our study. This has been shown before in experimental studies."' 15, 222 Bonke et al.10 11 and Klein et al." studying the effect of premature atrial stimulation in the isolated atrium, found a prolongation of the sinus nodal return cycle or the atrial post-return cycle of about 20 msec. This is in accordance with our data in man. Thus, the available data support the assumption that the prolongation of the return cycle in comparison to the spontaneous cycle length is not only due to the time for antegrade and retrograde sino-atrial conduction,1' 13, 20, 25-28 but also due to a change of sinus node automaticity.'2 16, 22 Therefore, calculation of SACT may overestimate true SACT due to the depressant effect of premature atrial stimulation on the sinus node. For better accuracy in calculating SACT, it would be necessary to know the exact length of the sinus nodal return cycle. This, however, is probably impossible without the application of microelectrode techniques. As experimental studies have shown that the depressant effect of premature depolarization on the sinus node gradually decreases during the following cycles,'0 12 the sinus nodal return cycle will be longer than the following cycle (i.e., the post-return cycle). Therefore overestimation of true SACT may be greater than could be expected from the length of the post-return cycle compared to the spontaneous cycle length.
Instead of reflecting true differences of SACT, different values of calculated SACT could merely be due to a different response of sinus node automaticity to premature depolarization. However, this can be excluded with some probability, as the degree of prolongation of the post-return cycles in patients with short (group IB) and long values of calculated SACT (group IC) was nearly identical. However, EFFECT OF PREMATURE DEPOLARIZATION ON SINUS NODE/Breithardt, Seipel the degree of sinus node depression depended on the spontaneous cycle length as it was significantly more pronounced in patients with spontaneous cycle lengths greater than 1000 msec compared to patients with a cycle length less than 1000 msec.
The mechanisms leading to the depressant effect of premature stimulation on the sinus node cannot be derived from our data. It has been suggested that driving stimuli result in an increase in extracellular potassium which leads to a suppression by a decrease in phase-4-depolarization and a decrease in the resting potential and in the amplitude of the action potential.23' 24, 29 Different sites within the sinus node possess a different degree of spontaneous activity. Transient suppression of the dominant center by premature discharge would cause a differently located site to take over true pacemaker activity. This pacemaker shift has been observed in the isolated atrium10-13 and possibly occurs in man, too. The final mechanism of pacemaker suppression in man, however, is unknown.
A shift of the pacemaker to the periphery of the sinus node may alter the wavefront emerging from the sinus node,'3 leading to different ways of excitation of the right atrium. This may be reflected by configurational changes of the atrial electrogram. However, this was observed only in a few of our cases. The rarity of this response may indicate either that the pattern of atrial excitation usually remained unchanged or that atrial electrograms are not sensitive enough to detect minor changes of atrial activation.
A linear prolongation of the return cycles at decreasing test cycles was observed in five patients, remaining compensatory at all test cycles. This pattern is supposed to be due to non-reset of the sinus node.' The post-return cycles did not differ significantly from the spontaneous cycle length in single patients or within the whole group. This may be a further support to the assumption that the sinus node in these cases is not influenced by premature depolarization. It should be noted that this pattern of the return cycles, in our study, occurred only in patients with high spontaneous heart rates. Experimental studies in the isolated atrial preparation demonstrated that recovery of excitability in perinodal fibers is time-dependent.2" Thus, early beats would have to travel through the perinodal region during the refractory period leading to slowed conduction without reaching the sinus node.
Our findings in man suggest that premature depolarization of the sinus node may have a depressant effect on its automaticity. Thus, calculation of SACT using the extrastimulus technique may overestimate true SACT. In order to take this possible error into account, the accuracy of calculating SACT may be improved by using the length of the post-return cycles instead of the cycle length immediately preceding the test stimulus for calculation of SACT. However, the validity of this different approach should be proven experimentally.
